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Fig.1. Sampling stations (●) in the Kogawa and Kuroson
Streams. The Kogawa and Kuroson Streams are tributaries of
the Niyodo and Shimanto Rivers, respectivery.
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Table 1. Physical and chemical characteristics of the
Kogawa and Kuroson Streams.
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Table 2. Density of benthic invertebrates (ind/m
2
) in the Kogawa and Kuroson Streams.
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Fig. 2. Density of benthic invertebrates per square meter belonging to each body-size range in the Kogawa (a) and Kuroson
Streams (b). For example, the body-size range 2- 3 means individuals equal to or greater than 2 mm and smaller than 3 mm in
body length.
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Fig. 3. Density of benthic invertebrates per square meter belonging to each body-size range: Diptera in the Kogawa (a) and
Kuroson Streams (b), Ephemeroptera in the Kogawa (c) and Kuroson Streams (d), Plecoptera in the Kogawa (e) and
Kuroson Streams (f), Trichoptera in the Kogawa (g) and Kuroson Streams (h). Abbreviations with regard to family name are
as follows. For Diptera, B: Blephariceridae, C: Chironomidae, S: Simuliidae, T: Tipulidae. For Ephemeroptera, B: Baetidae, E:
Ephemerellidae, H: Heptageniidae, I: Isonychiidae, L: Leptophlebiidae. For Plecoptera, N: Nemouridae, P: Perlidae. For
Trichoptera, A: Apataniidae, H: Hydropsychidae, L: Lepidostomatidae, R: Rhyacophilidae, S: Stenopsychidae, U: Uenoidae. O:
others.
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Fig. 4. The cumulative individual number of benthic invertebrates per square meter in the Kogawa (a) and Kuroson
Streams (b). The body-size range ≥5mm means individuals equal to or greater than 5 mm in body length. (c) Rate of increase of
the cumulative individual number per square meter when the fraction of the next smaller 1-mm size range is added to the body-
size range in the Kogawa (●) and Kuroson Streams (○). For example, the individual numbers of the body-size ranges ≥5 mm and
4-5 mm were 110 and 187, respectively, in the Kuroson Stream. Addition of 4- 5 mm range to the body-size range ≥5 mm results
in 297 individuals with body length ≥4 mm. Thus the rate of increase for 4- 5 mm range is 297/110 = 2.7. (d) The ratio of the
individual number of each body-size range to the individual number of the body-size range ≥5 mm. For example, the number of
individuals ≥3 mm is 685 in the Kuroson Stream. In this case, the ratio is 685/110 = 6.2. D: Diptera, E: Ephemeroptera, P:
Plecoptera, T: Trichoptera, O: others.
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Fig. 5. Dominant taxonomic orders and body-size range in terms of density per square meter in the Kogawa (a) and
Kuroson Streams. Abbreviations are the same as in Fig. 2a.
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Fig. 6. Dominant taxonomic families within each order and body-size range in terms of density per square meter: Diptera in the
Kogawa (a) and Kuroson Streams (b), Ephemeroptera in the Kogawa (c) and Kuroson Streams (d), Plecoptera in the Kogawa (e)
and Kuroson Streams (f), Trichoptera in the Kogawa (g) and Kuroson Streams (h). Abbreviations are the same as in Fig. 3.
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Fig. 7. Cumulative biomass of benthic invertebrates per square meter in the Kogawa (a) and Kuroson Streams (b). (c)
Rate of increase of the cumulative biomass per square meter when the fraction of the next smaller 1-mm size range is added to the
body-size range in the Kogawa (●) and Kuroson Streams (○). For example, dry weights of the body-size ranges ≥3 and ≥2 mm are
0.15 and 0.17 g, respectively, in the Kuroson Stream. Thus the rate of increase is 0.17/0.15 = 1.13 when the fraction of 2- 3 mm
range is added. (d) The ratio of the cumulative biomass of each body-size range to the biomass of the body-size range ≥5 mm. For
example, the biomass ≥5 mm is 0.079 g in the Kuroson Stream. In this case, the ratio of biomass ≥2 mm to biomass ≥5 mm was 0.
17/0.079 = 2.15. Abbreviations for taxa are the same as in Fig 2a.
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Fig. 8. Dominant taxonomic orders and body-size range in terms of biomass in the Kogawa (a) and Kuroson Streams (b).
Abbreviations are the same as in Fig. 2a.
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Fig.9. Biomass of benthic invertebrates per square meter
belonging to each body-size range in the Kogawa (a) and
Kuroson Streams (b). The biomass of each body-size range
was calculated based on the cumulative biomass shown in
Fig. 7a, b. For example, the biomass belonging to the body
size range 3- 4 mm was calculated by subtracting the biomass
of individuals ≥4 mm from the biomass of individuals ≥3 mm.
Fig. 10. Relationships between the individual number,
biomass, and body size in the Kogawa and Kuroson
Streams. (a) The averaged dry weight per one individual of
the benthic invertebrate community belonging to each body-
size range. (b) The averaged individual number per 1-g dry
weight of the benthic invertebrate community belonging to
each body-size range.
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Abstract
Quantitative samplings of benthic invertebrates in
streams often treat individuals larger than a certain size,
because inclusion of smaller size classes would take a great
deal of exertion to conduct sorting and identification. We
here conducted quantitative samplings at two upstream
sites of the Niyodo and Shimanto Rivers in summer and
collected benthic invertebrates as small as one millimeter
in body length. Collected invertebrates were classified
according to size classes of 1-mm intervals, and we
focused on the patterns of increase in the cumulative
individual number and biomass when individuals of
smaller size classes were taken into consideration.
Although the number of individuals and dominant taxa
were different between the sites, the cumulative number
of individuals linearly increased at both sites. The
cumulative biomass increased in a saturating manner.
When larger individuals were taken into consideration,
the benthic invertebrate communities tended to be
dominated by trichopterans. Inclusion of smaller size
classes resulted in a shift of dominant taxon to
ephemeropterans. The averaged dry weight per one
individual of a benthic invertebrate increased
exponentially with the size class. In contrast, the average
number of individuals per one gram of dry weight
decreased exponentially with the size class.
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